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FOREWORD

The work described ii, this report was zuthorized under Project I B562602A079,
Non-Defense Medical Aspects of L'emical Agents (U). The work is a compilation of
experimental data from 1918 through 198.

In conducting the research described in this report, the investigators adhered to the
"Guide for Laboratory Animal Facilities and Care" as promulgated by the Committee on the
Guide for Laboratory Animal Re.sources, National Academy of Sciences-National Research
Council.

The volunteers in thece tests are enlisted US Army personnel. These tests are
governed by the principles, policies, and rules for medical volunteers as established in
AR 70-25.
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DIGEST

This report summarizes information on the physiological and toxicological effects of
three riot control agents: CS, o-chlorobenzalmalononitrile; CN, chloroacetophenone; and DM,
dimethyl aminochloroarsine. Included in the report is a review of the toxicity tests conducted
on the old compounds CN and DM by various organizations from 1918 to the present, and on
CS from 1958 to the present. Detailed results of experiments conducted by the Toxicology
Department, Medical Research Laboratory, by various methods on animals of several species
are given. Based on the animal experiments, estimates are given for lethal doses in man.
Incapacitating doses P.e determined and reported on the basis of tolerance times of volunteers
exposed to aerosols of th[e three compounds. Safety fac..ors, dern ed from ratios of estir, ated
lethal doses to bncapacitatipg dimes, are reported for the three compour•ds,
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TOXICOLOGY OF RIOT CONTROL CHEMICALS - CS, CN, AND DM

I. RESUME.

A. Introduction.

CS, CN, and DM are crystalline, solid compounds which are classified as irritants.
They are soluble in organic solvents but poorly soluble in water. Their structural formulae are
as follows:

CS

H -N= /

ZOiN

o-chlorobenzalmalononitrile
o-chlorobenzylidene malononitrile

CN

-H

o-chloroacetophenone

DM

HI

N

CI

Diphcnylaminochloroareine
I 0-chloro-.5 1 O-dihydrophenanazmne. adamsite
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These substances cen be disseminated as dry powders by thermal or explosive methods or by
spraying the molten materials or solutions of the materials.

All three substances act directly on the mucous membranes to produce irritation and
burning and pain in the eyes, nose, throat, and respiratory tract. The action on the eyes also
causes lacrimation, blepharospasm, and conjunctivitis. The effects on the respiratory passages
and lungs cause sneezing, coughing, salivation congestion of the nose and walls of the
pharynx, and a feeling of suffocation. These effects are noted immediately and they persist
5 to 30 minutes after exposure is terminated.

Sensitization to the cutaneous effects may occur in some persons as a result of
exposures to these irritants. Prolonged or repeated exposure to high concentrations of these
irritants can cause erythema and vesiculation in sensitive persons. Elevated environmental
temperature, high relative humidity, and friction of agent with the skin may be contributory
factors to skin damage.

Prolonged exposure to very high concentrations of these irritants can cause death by
damage to the respiratory tract and lungr. In general, the margin of safety between the irritant
doses and the lethal doses is very great.

There are certain qualitative differences among the three irritants. In general, CS has
the most desirable combination of irritant potency, fast action, and low toxicity. In addition
to the irritant action, DM produces systemic effects, including headache, perspiration, chills,
nausea, vomiting, intestinal cramps, and a feeling of depression and malaise. These effects start
about 30 minutes after the beginning of the exposure and they persist for several hours after
termination of exposure.

B. Dose Estimate for Man.

I. General Consk. -rations.

a. Source of In ormation.

Whcn men are likely to be exposet to chemical agents, it is important to obtain
information on effective do.ses toxic doses, and lethal doses. Sometimes the information must
be derived solely by exerimentation in animals. Occasionally, combined information from
tests on animals and men are ured to estimate the probable doses for man. For some agents, it
is possible to obtain Al of the necessary information solely fom experimentation in man. In
the present paper the irritant doses were deternmined primarily in man. The systemic dose of
DM was estimated from experimentation in animals and man. The lethal doses for man were
estimated from data obtained in various species of animals. Usually the lethal doses were
calculated by comibining the data for all of the species to obtain an estimated dose for lower
mammals. Man was then considered as another mammal.

b. LCt50 and 0Ct50.

CT is a measure of airborne dosage. It is the product of the concentration tC) in
mt/cu m multiplied by the exposure time (t) in minutes. The term has been long and widely
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used. It is especially applicable to conditions in which an inhaled and retained quantity of
material accumulates within the body until the dose is sufficient to produce a biological effect
such as death or vomiting. The term LCt5O and ICt5O mean airborne doses which are lethal (L)
or incapacitating (I) in 50 percent of a population exposed to a given dose (Ct). The term
ICtS0 has a somewhat special connotation when related to irritants; the higher the
concentration the shorter the exposure time men will tolerate. Usually the lCt5O means the
concentration in mg/cu m which will be intolerable to 50 percent of an exposed population in
I minute. To describe the effectiveness of irritants, a combination of concentration, tolerance
time, and percent of population responding is required. Single ICt5O's are still used widely for
irritant and other compounds for purposes of comparison among agents

In the determination of ICt5O's for irritants, a man is considered incapacitated when
he will no longer remain in the contaminated atmosphere. When men can be motivated to
remain in the cloud of certain irritants for 3 minutes or more, a condition of adaptation ensues
and the irritant effects diminish. Adaptation has been noted at concentrations of 6 mg/cu m or
less for CS.* The possibility exists that adaptation may occur at higher concentrations if men
could be motivated to endure the irritancy. The decision to tolerate the irritant is strongly
influenced by the individual's will to resist. The factors of motivation and adaptation have
resulted in marked differences in ICt05 values for a given compound in various experiments.*
At present there is a tendency to express the 0Ct50 of irritants as those ranges of
concentrations (mg/cu m) which will be intolerable to 50 percent of a population. Future
studies must relate ICt5O to the population's degree of motivation to resist the agpents and to
the level of adaptation which can be attained.

2. Irritant ICt50 Values for CS. CN. and DM.

The ranges of concentrations which will be intolerable in I minute to 50 percent of
a population in laboratory testing situations for CS, CN. and DM are as follows:*

CS: 0.1 - 10.0 mg/cu m
CN: 20 - 213mg/cum
DM:22 - 220mg/cum

The exact concentration depends upon the population's degree of motivation to
resist.

3. IC150 for I)M (Systemic).

At Ct lcvtls ranging from 3.75 to 236 mg min/cu m studied by varous investigators
in 101 men.÷ it was indicated that the 10t5O for systemic effects had not been reached.
Additional exposures beyond a Ct of 200 mg minlcu m were deemed inadvisable and it was
necessary to supplement the human data with animal data to obtain 0Ct50 values for systemic
activity.

*Unpublished data. Aerosol Branch. Toxicology Department.
"*Unpublished data, Human Estimates Committee, Research Labs.

t Unpublished data, Aerosol Branch, Toxicology Dept.
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Based on the human and animal studies, an ICt50 of 370 mg/cu m was established as
the Research Laboratories' human estimate for the dose of inhaled DM which would produce
nausea and vomiting in 50 percent of a population.

4. LCt5O's of CS, CN, and DM.

4. General.

Inhalation toxicity teats of various types of aerosol dispersions (agent melted and
sprayed in the molten form, dispersed as a dry powder, sprayed from solutions in acetone or
methylene dichloride which are nontoxic solvents, dispersed from grenades by liberation of
hot gases) have been performed since World War 1. Prior to the research on CS in 1958 and
1959, no toxicity studies were performed using munitions. All CN and DM munition studies
were done in 1965. In these studies, it has been a generally consistent finding that the
munition-dispersed agents are less toxic than those dispersed by some of the other methods.
Because of this finding, separate estimates for munitions have been prepared (table I)

The LCtSO values for individual and combined animal species are given in table I!.
Detailed toxicity data are shown in the appendix, tables A-I to A-V and A-XI to A-XIX. The
official human estimates for LCt50's are based on toxicity data for the combined animal
species.

b. Official Human Estimates.

(I) CS.

The Research Laboratories, Edgewood Arsenal. Maryland, official estimates for
inhalation LCtS0's of CS in man are:

Molten dispersion - 52,000 mS min/cu m
M7A3 grenade - 61,000 mg min/cu m

(2) C(N.

The Research Laboratories official estimates for the inhalation LCt50's of CN are:

Laboratory-yre dispersion 7,000 mg mancu m
Commercial grenade 14,000 mg min/icu m

(30 DM.

The Research Laboratories official estimates for the inhalation LCtSO's of DM are:

Laboratory-type dispersion 11,000 mg min/cu rn
M6AI 44.O00 ing min/cu m
Commercial grenade 35,000 mg min/cu m
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C. Effects and Cause of Death Associated with Lethal Inhilation Exposure to CS, CN,
and DM.

One of 22 men died after being exposed to DM while asleep in sn Army barracks.
The victim was trapped inside and his exposure lasted 5 to 30 minutes according to differen,
reports.

Four deaths associated with "N arw described in the medical literature. All four
resulted from police action against individualh who were in enclosed spaces.

CS has not been imputed ts a cause of death in man.

A considerable amount of data is available on deaths in animals following exposures
to CS, CN, or DM. All of the data on deaths associated with CN and DM reveal that the most
prominent signs and symptoms (rales, rhonchi, dyspnea, chest pain, shortness of breath) and
the pathological signs (edema, congestion, hemorrhage of lungs, pseudomembrane formation,
pneumonia, etc.) are related to damage to air passages and lungs.

CN as an aerosol, in very high doses, may be more damaging to the eyes and skin
than DM or CS.

D. Toxicity of Intragastrically Administered or Ingested CS.

The LD50 values (with 95 percent confidence limits) for CS administered by
stomach tube to rats and rabbits are 822 (599 to 1127) mg/kg and 401 (354 to 453) mgikS.
respectively. Corresponding values for CS2 are 985 (811 to 1196) mgjkg and 379 (251 to
571) mg/kg, rspectively.

When uncontaminated food was not available, rats and rabbits ate food that had
been -.ontaminated with CS and conswued average daily doses of more than 200 mg/kg of (S.
Most of these animals gained weight andlshowed no signs of toxic effects.

i1. TOXI('OLX;Y OF CS.

A. Toxicity Studies of (S in Animals (General).

I. Animals Utd.

Toxicity defrrminations were conducted in healthy mice. rats. guinea pigs. rabbits.
dogs. monkeys, goats. %wine. sheep. burros, pigeons, and chickens. 2 In addition, goats and
monkeys suffering from respiratory diseases were included in the toxicity studies. The goats
were rendered pneumonic by injecting 50 mg/kg of cortisone to lower their resthnc1e to
infection and 24 hours later introducing PwturemOa multocda or bovine kidney tssue into the
trachea. The sick monkeys were suffering from chronic pulmonary tularemia.
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2. Dissemination of CS Aerosols.

In the toxicity studies2 the CS was disseminated as an aerosol by various methods:

a. Spraying the molten agent
b. Spraying a 10 percent solution of CS in methylene dichloride
c. Spraying of 5 percent solution of CS in acetone
d. Dispersion from the M 18 thermal grenade
e. Dispersion from the M7A3 thermal grenadc
f. Dispersion of dry, powdered, CS-containing antiagglomerants

3. Animal Exposure Times and Observation Periods.

The exposure times ranged from 5 to 90 minutes and the observation periods were
at least 14 days in all species.2

4. Toxicological Signs in Animals. 2

Immediately upon exposure to CS the mouse, rat, guinea pig, rabbit, dog, and
monkey became hyperactive. Copious lacrimation and salivation occurred within 30 seconds in
all of the above species except the rabbit. After 5 to 15 minutes the excitement was
supplanted by lethargy and dyspnea. This continued for about 1 hour after exposure. All other
signs subsided within 5 minutes after the animals were removed from the contaminated
atmosphere. The goat, pig, sheep, and burro showed few signs of excitement in the preserice of
the agent. In a given species the toxicological signs were similar for all dispersion methods.

B. Toxic Doses of CS Following a Single Exposure.

I. Toxic Doss of CS Dispersed from Methylene Dichloride.

LCt5O values in mice, rats, and guinea pigs for CS dispersed from methylene
dichloride solution were 627,000, 1,004,000 and 46,000 mg min/cu m, respectively. No deaths
occurred in rabbits which were exposed in groups of four to Ct's of 10,000, 10,000, 10,000,
12,000.13,000, 15,C00, 33 000, and 47,000 mi mn/cu m.

The combined LCt50 for CS dispersed from methylene dichlekndc for mice, rats,
guinea pigs, and rabbits was i,230,000 mg min/cu m.

The LCtSO for pigeons was 644,000 mg min/cu m.

CS at Ct's up to 30,000 mg min/ru m did not kill any of 18 monkeys with
pulmona:1 tularemia.

I'he LCt50 values are shown in table i1; detailed toxicity data are shown in table A-I.'

*Tahles A-I through A-XXI appear in the appendix.
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2. Toxic Doses for Molten CS. 2

The LCt50 values for CS sprayed as molten agent were 42,000, 32,000, 8,000,
17,000, 34,000, 50,000, and 32,000 mg min/cu m for mice, rats, guinea pigs, rabbits, dogs,
monkeys, and pigeons, respectively. LCt5O values could not be calculated for swine, sheep.
burros, goats, sick goats, chickens, and sick monkeys. Two swine survived Ct's of 65,000 and
86,000 mg min/cu m. Two sheep survived at a Ct of 30,000 mg min/cu m and one of two died
at a Ct of 64,000 mg min/cu m.

The combined LCtSO for mice, rats, guinea pigs, rabbits, dogs, nionkeys, swine,
sheep, goats, and burros is 300,000 mg min/cu m.

The LCtSO values are shown in table II; detailed toxicity data are shown in
table A-I1.

3. Toxic Doses of CS Dispersed from Acetone.

The only study conducted using acetone as a solvent was perfo-med with guinea
pigs. 2 The LCtSO for this species was not reached at 35,000 mg min/cu m. Thus, it is pnssible
that acetone and methylene dichloride dispers'ons of CS have similar toxicities in guhiea pigs.

4. Toxic Doses of CS Dispersed from the M18 Thermal Gre.nade. 2

The LCt5O for CS dispersed from the M18 thermal grenade in rats, guinea pigs, .'.Id
both species combined were 164,000, 36,000, and 79,000 mg rnin/cu m, respectively.

The LCt5O values are shown in table i1; the detailed toxicological data are shown i i
table A-Ill.

5. Toxic Doses of CS Dispersed from the M7A3 Thermal Grenade. 3

The LCt5O values for CS dispersed from the M7A3 grenade are shown in table 1I; the
detaild toxicological data are shown in table A-IV.

6. Inhalation Toxic Doses of a CS2.

The inhalation toxicity of a CS2, containing 95 percent CS, 4.75 percent Cab-O-Sil,*
and 0.25 percent hexamethyldisilazane, was determined in monkeys, dogs, rats. and guinea
pips. The additives pn:vent agglomeration and produce a free-flcwing powder which can be
dispcrscd in the dry form. The combined LCtSO for the 4 specia is 6 1,000 mg min/cu m. The
LCtS0 valuc for molten CS in the same 4 species is 75,000 mg min/cu m. These values are
shown in tablc il; the detailed toxicological data for CS2 are shown in table A-V.

*Cabot Corporation. Boston. Manachusetts.
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C. Toxicity of Repeated Inhaled Doses of CS in Rats and Dogs.2

Thirty rats and .4 dogs were exposed to thermally dispersed CS for 4 to 5 minutes
per day, 5 days per week, for 5 weeks. The 25-day cumulative Ct to which the dogs were
exposed was 17,000 mg min/cu m (the daily Ct was about 680 mg min/cu m). The 25-day
cumulative Ct for rats was 91,000mgmin/cum and the daily Ct was about
3640 mg min/cu m. The rats struggled vigorously during the inhalation of this agent, biting the
noses and tails of other rats and scratching their own noses. About one-third of the i-ats had
blody noses by the end of the exposures. There were no changes in hlo'd vplue, in the eogs for
godiumn, potassium, albumin, or creatinine determined periodically throughout the tests. Five
rats died, two following cumulated Ct's of 25,000 mg min/cu m, and three after
68,000 mg nain/cu m. Gross pathological examinations of these rats and six rats that were
sacrificed after 5 weeks were negative. The expored rats lost about I percent of their body
weight while unexposed animals gained about 20 percent during the 5 weeks. There was no
significant difference in organ-to-body weight ratios for heart, kidney, lungs, liver, or spleen
foilowing the 5-week exposure. It is indicated that repeated exposure did not make the animals
more sensitive to the lethal effects of CS.

D. Intragastric Toxicity of CS and CS2 in Rabbits and Rats.

The intragastric toxicities of CS and CS2 were determined in the rabbit and rat.*
The agents w,!re administered as water or alcohollwater suspensions containing 250 and
200 mg/cc, respectively, for the rabbit and rat. The CS2 suspension contained 20 percent
ethar.o! in order to wet the material and to maintain a suspension comparable to untreated CS.
Dosing was accomplished by injecting the suspensions through an esophageal catheter; the
residues remaining in the syringe and tubing after injection were washed into the stomach with
a small amount of water. The rats and rabbits used were deprived of food for 24 hours bef3re
dosing.

The resultant LD5O values are shown bd'ow:

LD50 Values of CS and CS2 Following Intragastric Administration
to Rabbits and Rats

L Agent LD5O (mg/kg) R

_.Rabbits Rats .

I CS 401 (354-453 822 (599-1127)

CS2 379 (251-571) 985 (811-1196)

These results indicate that there is little difference Detween the intragastric toxicities
of CS and CS2 in either the rabbit or rat.

*Acrosol Branch, Toxicology Department. Edgewood Arsenal. Maryland. Quarterly Pregress
Report. July -Sentember 1967.
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Table A-VI shows the dose range and a Bliss statistical analysis of the mortality
responses to CS ano CS2 in the two species tested.

Table A-VII lists signs produced by CS and CS2 in individual rabbits and rats
following exposure.

E. CS Feeding Studies.

Six groups of four rabbits each and six groups of four rats each were fed laboratory
chow contaminated with varying levels of CS for a 30-day period.* Daily rations of 25 grams
of food per rat and 150 grams per rabbit were treated with alcoholic solutions of CS. The
intend d dose levels presented daily to the two species were 1, 10, 50, 100, 250, and
3O0 mg/kg, assuming 100 percent consumption of the food. The actual average daily doses of
CS are shown in table A-VIII. The average daily food consumption for rats and rabbits is
shown in tables A-IX and A-X. Control rats and rabbits were fed uncontaminated chow.

Bo.1y weights were recorded on the 1 st, 14th, 21st, and 30th days of feeding (tables
A-IX and A 7k). At the eid of the study, all of the rats and rabbits that had received the
hi-hL.t daily doses (Z50 and 500 mg/kg) were sacrificed for gross and microscopic pathological
examination.

Tle results show that rats anid rabbits will continue to eat fod that has been
contamninated with CS at average daily doses as high as 240 and 205 mglkg, respectively. On
the frst day of feeding, the amount of fooa consurned by both species was, at most CS levels,
less than on an, of the other 29 days. Posaibly, tolerance to the agent doveloped in this brief
period. The food intake. follo-wing the first 25 hours was consistent for both the rabbit and rat
at all dose levels. Weight gains were seen in all six groups of rats and in a1l but one group of
rabbits. This group received the highest intended daily dost of 500 mg/kg. The weight change
in rabbit- was not significant (100 grams/2.5-kg rabbit). One rabbit that received an average
dose of 54 mg/kg/day died on the seventecntii day of feeding. This event occurred over a
weekernd ard the cause -f death was not determin•va by pathological examination. No other
signs of toxicity were see% *" either species c ver the 30 day period.

F. Local Aprlication of CS to Rabbit Eyes.

Dos,.s of 5 and 10 mg of CS from a 10 percent solulion in methylene dichloride
placed in tlke eyes of two groups o, 10 rabbits each caused immediate conjunctivitis, which
disappeared in a few hours. 2 There was no corneal d& iiage. A dose of 50 mg of CS in a
50 percent suspension ir methylcnc dichloride dill iot produce corneal damage to the eyes of
any of 10 rabbits. The eyes wre treated drily with sodium sulfamyd to prevent secondary
infection. The observmt-on period was 14 days.

*Aerosol Branch, Toxicolkgv Department, Edgewood Arsenal. Maryland. Quarterly Progress
Report. July-September 1967.
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G. Pathology and Cause of Death.

Animals dying after exposure to CS showed increased numbers of goblet cell' in the
respiratory tract and conjunctiva, necrosis in the respiratory and gastrointestinal tract,
pulmonary edema, and occasionally hemorrhage in the adrenals.2 Death appears to result from
the poor transfer of oxygen from the lungs to the blood stream, probably because of the
edema, hemorrhage in the lung, and obstruction in the air passages.

H. Human Studies on CS.

1. ICt5O Determinations.

A number of ICt5O values* have resulted from different experiments on CS. The
experiments differed in technical details as well as in motivation of the individuals who were
exposed. Some exposures were done in wind velocities of 5 mph; others were done in
chambers with airflows of less than I mph In some experiments, the men were exposed in
groups of three to six; in others, single individuals were exposed separately. In some
experiments the men were motivated to compete with each other; in other experiments the
motivation was of a lesser degree. The concentration of CS varied in the different experiments.
Table III shows the technical differences and the ICt5O values resulting from seven
experiments. 1Ct50 calculations were made by two equations:

a. Bliss-Type Straight Regression Line Analysis.

Log t - a + b log c

where:

t = time in seconds
a = intercept
b = slope of the regression line
c = concentration in mg/cu m

b. Curvilinear Regression Line Analysis.

In this method the concentration of CS is related to the number of volunteers
(percent of population) responding in a specific time period (30,60, 90, 120, 150, 180, 210,
240, 270, and 300 seconds). From this data Bliss response-regression lines are developed. From
the Bliss lines, concentrations are extracted which produce responses of 16, 30, 50, and
84 percent of the population. The individual percent-response values (i.e., 16 percent) are
regressed against all time periods (30 to 300 s-conds) using the following equation:

Logc= a+ b(l/t)

where the symbols have the same meaning as above.

*Unpublished data, Aerosol Branch, Toxicology Dept.
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Study 6 in table Ill is still in progress. At the present writing (August 1968), it is the
consensus in the Toxicology Department, Edgewood Arsenal, and the MUCOM Operations
Research Group that a range of ICt5O values should be used for CS. The range of
concentrations which will incapacitate 50 percent of a population in 1 minute is 0.1 to
10.0 mg/cu m, depending upon the motivation of the population involved. The range is
applicable to the maximum degree of motivation produced in laboratory experiments and an
upper limit above 10.0 mg/cu m may pertain to greater degrees of motivation which might be
encountered in riot or combat situations.

Study 1, table III is an example of an ICt5O test in a laboratbry situation on subjects
who were strongly motivated by personal interest. The nature of this study is given below. The
dose-response, speed-of-action, regression lines derived from this study are shown in figure 1.
Healthy adult men were exposed to CS in a wind-tunnel at temperatures of 45* to 80°F and
relative humidity of 30 to 80 percent. The usual ambient temperatures and humidity were
about 65°F and 30 percent, respectively. The agent was sprayed as a 5 percent solution in
acetone into an airstream that flowed at 5 mph. The men breathed at a normal rate while
standing facing the wind stream. They were instructed to resist the agent and to remain in the
tunnel as long as possible. They were told to emerge from the tunnel of their own volition. The
time when the man could no longer tolerate the agent and he was forced to leave the tunnel
was considered to be the incapacitation time. Regression lines (1959) were developed for
146 human exposures. These lines are shown in the figure. 5 The incapacitating signs and
symptoms in men were intense burning in the eyes, nose, and respiratory tract, profuse
lacrimation, salivation, blepharospasm, tightness in the chest, and a feeling of suffocation.

2. Tolerance of Man to CS.

It has been noted that men may work without any sign of discomfort in an
atmosphere where CS has gradually accumulated. These CS-containing atmospheres were
intolerable to persons entering the contaminated area from fresh air. It was assumed that
adaptation developed gradually with a slowly increasing airborne concentration of CS. When
the "tolerant" person left the contaminated area for short periods, 10 to 30 minutes, the
"tolerance" was lost and re-entry into the contaminated atmosphere resulted in objectionable
irritation. In experimental situations when men have been motivated to remain in the cloud for
3 minutes or more a condition of adaptation ensues and the irritant effects subside.
Adaptation to CS has been noted at concentrations of 6 mg/cu m or less. It hMis been noted6 ,7
that: (1) men can tolerate 1.5 mg/cu m of CS for at least 90 minutes, and (2) men can tolerate
6 mg/cu m of CS when the concentration is gradually developed during 30 minutes.

In the situation described above, the men were free to leave the contaminated
atmosphere of their own volition when they considered the exposure intolerable. The
possibility exists that a very high level of adaptation and/or tolerance might develop under
conditions of extreme motivation or in situations which prevent escape to clean air.
Experiments are in progress to motivate men to resist high concentrations.

Animal experiments indicate that development of high tolerance is possible. In the
presence of concentrations of several hundred mg/cu m, animals first became very excited and
active, and showed strong indication of irritant action. After several minutes the excitement
and activity disappeared and the animals became quiet. Jancso, 8 and Porazasz and Jancso, 9

have shown thit animals treated with capsaicin become desensitized for weeks to this and

21



p0

.0
0l

0
.0
C'4

0i

co

v a
.0 0 .

'0 10 0 S
-- Jo 0  - a

z
0 00

4b

0

~~0 0,

IL II

N~ii:.d:N 01 0 .0N

22'



numerous other irritants. Alarie and TibbitslO demonstrated that capsaicin given to mice as an
aerosol or by subcutaneous injection Inhibited the respiratory responses to a variety of
chemical irritants. CS was less effective than capsaicin in inhibiting the respiratory response to
irritant aerosols.

3. The Influence of Variables on the Time to Incapacitation. 2

No significant difference from the data contained in the figure for time to incapac-
itation could be shown:

a. For men exposed to CS dispersed from a miniature M18 grenade
b. For men exposed at OF
c. For men over 50 years of age or for those having medical histories of

allergies, hypertension, jaundice, or hepatitis

The time to incapacitation was the same as or shorter than shown in figure 1 when
the whole body exposures were performed ai 95°F, 35 percent relative humidity and at 95°F,
97 percent relative humidity.

4. The Effect of CS on Skin.

The application of CS, in powdered form or in solution, to the skin of sensitive men
may cause erythema and vesiculation.l l. 12 Aerosols of CS in concentrations of 300 mgncu m,
at 95°F and 95 percent relative humidity, blowing on the bare arms of men for 45 minutes,
produced erythema and vesiculation in some.1 3 Similar exposures for 30 minutes did not
cause skin lesions.

A number of workers in a CS manufacturing and processing plant developed a rash,
pruritus, vesicles, and wheals. In some cases, this seemed to represent sensitization with
generalized adverse reaction on re-exposure. 12 Bowers concluded that CS is a primary irritant;
excessive perspiration at areas of clothing contact contribute to development of lesions. Some
individuals develop a hypersensitivity after an initial localized dermatitis and tend to react
more rapidly and over a wider area on subsequent exposures.

Other substances known to cause dermatitis among chemical agent workersl 2,14 ar
brombenzyl cyanide, chloroacetone, chloropicrin, trichloromethane, adamaite, chlorine,
phosgene. and mustard gas.

Rothbergl5 administered irritants to guinea pigs by the intradermal and topical
routes, over a period of several weeks. Following an incubation period of 2 to 3 weeks, the
animals were challenged witO suberythemal doses. The appearances of erythema, edema, and
necrosis during a 72-hour observation period were noted as signs o- sensitization. Both CN and
CS produced skin sensitizetion in guinea pip when administered intradermally or topically.
Neither CA (brombenzyl cyanide) or DM produced sensitization when given intradermally.

5. Lethality of CS in Man.

CS is not known to have causeJ any deaths in man.
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6. Toxicity Estimates for CS in Man.

In August 19663 the Human Estimates Committee, Research Laboratories (RL),
Edgewood Arsenal, Maryland, accepted a value of 52,000 mg mm/cu in as the inhalation
LCt5O for molten CS in man. The same committee accepted 61,000 mg min/cu m as the
inhalation LCt50 in man for CS dispersed from the M7A3 grenade.

The value of 52,000 mg min/cu m is based on a Bliss calculation of data from a
single group of animals containing mice, rats, guinea pigs, rabbits, dogs, and monkeys. Some
data were available for goats, sheep, swine, and burros, but none of the larger animals were
used because the Ct's were high but the deaths were few. Data from the four latter species
were not included in the official estimate. When these data were included, the LCtSO was
299,733 ng min/cu in.

The LCt5O estimate for CS from the M7A3 was derived from combined data on rats,
guinea pigs, rabbits, dogs, monkeys, swine, and goats.

Other unofficial estimates of LCt50 values for various CS dispersions are as follows
(also see table II):

The LCt50 for CS dispersed from methylene dichloride is 1,230,000 mg min/cu m
for mice, rats, guinea pigs, and rabbits, combined.

The LCtSO for CS dispersed from the M 18 thermal grenade is 79,000 mg min/cu in
for rats and guinea pigs.

The LCt50 value for CS2 is 61,000 mg min/cu in for rats, guinea pigs, dogs, and
monkeys.

Summaries for the LCt5O doses for the various species and the combined species as
affected by the various dispersions are shown in table II. Detailed toxicological data for
inhaled CS are shown in tables A-I to A-V.

1. Safety Factors for CS.

Based upon ratios between the official LCtSO/tentative ICt5O, the safety factors for
CS are as follows:

Agent LCt5O 150 Safety Factor

ing min/cu mn ing nin/cu in LCt5o/ICtSO

Molten CS 52,000 5,200-520,000

0.1-10.0

M7A3 61,000 6,100-610,00

The LCt5O of 52,000 mg min/cu mi for molten CS excluded toxicity data for goats,
sheep, swine, and burros. When the latter animals were included the LCt50 was
300,000 ng min/cu in and the safety factors were 30,000 to 3,000,000.
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On the basis Jf the combined data for mice, rats, rabbits, and guinea pigs, the safety
factor for CS dispersed from the methylene dichloride was 123 000 to 12,305,000.

Based upon data in rats and guinea pigs the safety factor for the M 18 munition was
7900 to 790,000.

J. Mechanism of Action of CS.

Little is known of the mechanisms involved in the irritant or lethal effects of CS.
The following observations and speculations* are reported although their significance or
validity cannot be ascertained at this time. The introduction of 2 mung of CS or CN per ml of
human plasma produced reactions in the isolated rat uterus which are indicative of bradykinin
release. Enzymatic reactions using benzoyl acetate ethyl ether as a substrate indicate that CS
may activate kallikrein in lung and plasma. KpI1ikrein i, an activator of bradykinin.

The lungs of animals dying after exposure to CS appear to be low in lipoprotein
surfactant as measured tensiometridally. CS may increase the destruction or decrease the
synthesis of the surfactant. CS is known to react with dinydrolipoic acid which -s required in
the synthesis. Liposomal enzymes from damaged tissuc may be involved in destruction of the
surfactant.

11I. TOXICOLOGY OF CN.

A. Toxicity of CN in Animals2 (General).

I. Animals Used.

Inhalation toxicity studies in irice and dogs were performed in 1918. Studies on
mice, rats, and guinea pigs were done in 1958 to 1959. In these studies the CN was dispersed
by sublimation, as dry dust, and from solvents. In 1965, studies were performed in rats, guinea
pigs, rabbits, dogs, monkeys, swine, and goats. The CN was dispersed from acetone solvent or
from the commercial thermal grenade.

The data on mice in the 1918 and 1958 to 1959 studies wen so highly variable that
statistical analysis indicated that high doses Were less lethal than low doses. The data on mice
were included in the estimate on combined species.

2. Animal Exposure Times and Observation Periods. 2

The exposure times ranged from 3 to 160 minutes and the observation periods were
I to 2 weeks in the 1918 studies, 2 weeks in the 1958 to 1959 tests, and 4 weeks in the 1%5
studies.

*Unpublished data, Basic Toxicology Branch, Tox. Dept.
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3. Toxicological Signs in Animals.*

The signs produced by CN were similar by all methods of dispersion. During
exposure the signs noted were: lacrimation, conjunctivitis, salivation, frothing at the mouth
and nose, erythema, and swelling around the eyes, genitalia and extremities, dyspnea,
hyperactivity followed by hypoactivity, and death. Erythema was prominent on the abdomen
and inner legs of the dog and swine. After exposure all species exhibited dyspnea for 1 to
24 hours. Conjunctivitis and erythema persisted for about 3 to 7 days. The goats appeared
emaciated at this time.

B. Toxic Doses for Single Exposures to CN Dispersed by Various Methods.

The detailed toxicity data (1918 to 1959) for inhaled CN, dispersed by thermal
sublimation as dry dust or from solvents, are shown in table A-XI.* A summary of the LCt5O
values follows:

No. of LCt5O 0
Animals Animals mg mmf/cu m Slope

Rats 190 8878 1.1

Guinea pigs 106 7984 3.6

Dogs 62 7033 2.7

All three combined 358 6189 1.9

The LCt5O's for CN. dispersed from acetone (19M), in rats, guinea pigs, rabbits,
dogs, monkeys, swine, and goats were 9500 13,000, 5800, 5600, 18,000, 4400, and
2500 ng min/cu m, respectively (table A-XII). In the same species the LCtS0's for CN
dispersed from the commercial grenade were 23,000, 15,000. 16.00C. 17,000, !!,000, 5500,
and 15,000 mng min/cu m. respectively (table A-XIJI).

C. Human Estimates of LCt5O"s for Single Exposures to CN.

In August 1966,3 all of the toxicity data fror- 1918 to 1965 on all animals by all
laboratory-type dispersions (excluding munitions) were combined and a value of
7000 mg min/cu m was derived as the human estimate for the inhaled LCt5O of CN. The data
involved are shown in table II.

In August 1966,3 the toxicity data for CN dispersed from a commercial grenade for
tests involving rats. guinea pigp. rabbits, dogs, monkeys, swine, and goats were combined and a

"Unpublished data, Aerosol Branch, Tox. Dept.
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value of 14,000 mg min/cu m was obtained as a human estimate for the inhaled LCt50 of CN.
The data are shown in table II.

D. Repeated Exposures to CN (Commercial Grenade). 2

Twenty guinea pigs and eight monkeys were exposed on 10 consecutive days to Ct's
ranging from 2300 to 4000 mg min/cu m of CN. It was expected that each daily dose might
kill 5 to 12 percent of the guinea pigs but none of the monkeys. The total accumulated Ct was
31,445 mg min/cu m. This dose would be expected to kill about 70 percent of the guinea pigs
and all of the monkeys if given in one exposure. Three guinea pigs died on the 9th day, and
one each died on the IOth and 21st day after the first exposure. No more guinea pigs and no
monkeys died during the 30-day experimental period. Thus, the toxicity is less than would be

. expected if the total dose (Ct of 31,000 mg min/cu m) had been given in a single dose.

Eight dogs were exposed on 10 consecutive days to Ct's ranging from 3000 to 7000
mg min/cu m of CN. These daily Ct's might be expected to kill up to 12 percent of the dogs.
The total accumulated Ct was 60,000 mg min/cu m. This would be expected to kill most of
the dogs if given in one exposure. One dog died on the 22nd day of the experiment. No other
deaths occurred during the 30-day experimental period The death could have been expected
from one of the 10 exp-sures. The number of deaths did not approach that which would be
expected if the total dose had been given during one exposure.

Twenty guinea pip, eight dogs, and eight monkeys were exposed on 10 consecutive
days to Ct's ranging from 4200 to 13,000 mg min/cu in. These doses would be expected to kill
13 to 49 percent of the guinea pip, 3 to 38 .parcent of the dogs, and 0 to 70 percent of the
monkeys. The total accumulated Ct was 88,000 mng min/cu m. Had this dose been given in one
exposure, almost all the animals of all three species would be expected to die, but the death
rates were somewhat lower than would be expected for the largest single dose. None of the
death rates approached those which would be expected from the total accumulated dose. if
this dose were given in one exposure.

Thus, there was little evidence of cumulative toxicity in any of these experiments.
The detailed toxicological data are shown in table A-XIV.

E. Local Application of CN to Rabbit Eyes and Skin. 2

CN suspended in corn oil (10 to 100 mrg/cc) and placed in rabbit eyes caused no
noticeable effect in doses of 0.5 mg. transitory conjunctivitis at 1.0 mg. and comeal opacity in
doses of 5.0 mg per eye.

CN in corn oil (100 mg/cc) produced erythema and necrosis of the skin of the back
in some rabbits in doses of 5 mg of agent.
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F. Pathology Following Inhalation of CN in Animals. 2

Pathological findings in animals that died following exp~xure to aerosols of CN are
as follows:

Dogs - congestion, edema, emphysema of the lungs, membranous tracheitis,
bronchitis, bronchopneumonia

Rats, mice, guinea pigs - pulmonary congestion, edema, bronchopneumonia,
occasional hemorrhage in adrenals

G. Cause of Death in Animals. 2

The primary cause of death following CN inhalation is attributable to the lung
damage.

H. Lethality of CN in Man. 2

I. Signs in Man.

A few deaths have occurred in man following exposure to CN in inclosed spaces. All
exposures were the result of police action. A.A. Stein and Kirwan 17 give this description of
one case.

"..On admision to the hospital the patient waa agitated and under restraints. His
clothes and body smelled of tear gas. His temperature was 99F; pulse 80; respiration 24;
blood pressure 130/80. The conjunctiva were suffused. The pupils were small and unreactive.
There was an abundance of mucoid discharge from both the nose and the mouth. By
auscultation the chest was clear. However, the heart had an iregular rhythm. The cardiogram
was interpreted as within normal limits but with occasional premature ventricular contractions.
The neurological examination was unremarkable except for the presence of the babinski
reflex.

He rmmained in a scmicomatose condition for approximately 12 hours and then
suddenly developed pulmonary edema and died."

2. Pathology of CN in Man.

Pathology noted in men dying after inhalation exposure to CN includes the
following-

Gross cxamination - Swollen mucosa of trachea aad bronchi. Edema of the lungs.
Intrn-afeolar hemorrhage. Petechwae in the stomach.

Microscopic examination Necrosis of the respiratory mucosa with formation of
pseudomrembrane. Congestion, swelling, edema, and inflammatory cell infidtration of the
submuco.. Desquarnation of the bronchiolc. Congestion of the ahveotar capillaries.
Brochopneumonia.

28



3. Cause of Dea.ti Following CN Exposures in Man.

Deaths foJowing CN exposures in man have been attributed to damage to the
respiratory system as follows:

Medical Authority St ted Cause of Death

Gonzalesl 8 Secondary bronchopneumonia
from inflammation of air
passages

Stein 17 Acute pulmonary edema

I. Estimates of Effectiveness, Lethality, and Safety Factors of CN in Man.

1. Effectiveness, ICt50.

Technical Manual 3-215* states that the median incapacitating dose for CN is
80 mg mmn/cu rP This value is for a 1-minute exposure and is taken from EACD 108.19 The
dose was calculated from data which appear in EACD 130.20 Aerosols of CN were dispersed
by droppi, j, solutions on a hot-plate. The Ct values were derived nominally. The ICt5O value as
reported in EAt ) 130 was 35 mg min/cu ni for a I-minute exposure. Data on human
exposures, which are given in TM 24-18 21 indicate that the lCt50 for a 0.5 to 2.0 minute
exposure would be greater than 80mg .nm/cu m. In the 1958 experimenti, the CN was
dispersed f-, im acetone solutions without heat. The airborne material was analyzed by a
spectrophotometric method.

The lCt50 values calculated from these data2 l and reported by C.L. Bunte et al,22

were 213, 119 and 93 m g min/cu m for exposures of 1, 2, and 3 minutes, respectively. D.
Crichton et a123 (these data are also reported in TM 24-18) states: "...at relatively high
concentrationb of 2 ppm, CN produces lachrymation and some blepharospasm, which begins to
decrease in severity when the exposure has lasted longer than about 3 minutes. Subjects have
remained in an atmosphere of 2 ppm for 8 minutes without distress and could have remained
longer." This statement was repeated as followi by Trouern-Trend and Crichton: 24

"Observers were incapacitated after a 40-second exposure to a concentration of 7.8 nmgcu m
of CS (Ct = 5.2 mg min/cu m) but were not incapable of activity after an 8-minute exposure to
a concentration of 14.7 mg/cu m of CN (Ct - 116 mg min/cu m)."

Tests in September 1965,3 when the compound was dispersed in cold acetone spray
ard spectrophotometric analysis was used, yielded an JCt50 of about 40 mg/cu m for
exposures of 1 minute or less. The 1Ct50 for men exposed to CN dispersed frum the
commercial grenade was 20 mn/cu m for I minute or less.

*Militdry Chemistry and Chemical Agents. p 34. December 1963.
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ICt50 for CN in Man

Dissemination No. of Men Time to lCt50
Type Responding Response mg mi/cu m

sec

Acetone spray 10/17 9-40 40

Commercial grenade 10/17 15-43 20

A concentration range of 20 to 213 mg min/cu m would be intolerable to 50 percent
ot a population in 1 minute. The exact value would be influenced by the motivation of the
individuals.

2. LCt5O.

TM 3-21525 gives the following: "Median I ethal dosage. No exact data but believed
to be about 11,000 mg mr/n/cu i." C.A. Ransom and F.B. Bogart 2 6 gave the lethal
concentration for dogs for 1/2-hour exposure as 0.34 mg/l. Wells and Eldridge2 7 quoted the
minimal lethal concentration for CN as 0 85 mg/I for a 10-minute exposure. The same paper
gives data and states that the minimal lethal concentration for mice is 0.04 mg/I for a
300 minute exposure. No chemical analysis of the airborne material was performed. NDRC
Informal Monthly Progress Report No. 9-4-1-228 shows deaths in 0/20 and 12/20 mice after
1 0-minute exposures at concentrations of G.66 and 2 56 mg/l of CN. An LCt50 of
800 mg min/cu m and an MLD (Minimum Lethal Dose) of 400 mg min/cu m for mice were
givwn by Gongwer et al.2 1 Punte et a129 reported LCtWO's of 3700, 73,500, and 3500
mg min/cu m for rats, mice, and guinea pigs, respectively.

The above data made the derivation of a human estimate for the LCtWO for inhaled
CN difficult, and occasioned the TM 3-215 statement of "no exact data" on lethal dosage. 2 5

For the purpose of the present report, all available original data were obtained for
studies conducted from 1918 to 1965. These data were analyzed by the method of Bliss and
regression lines were calculated. The combined toxicity data for "pun" CN dispersed from
molten agent, dry dust, or solvent systems and inW,|led by rats, guinea pigs, rabbits, Jogs,
monkeys, swine, and goats yield an LCt50 3 of 7000 mg min/cu m. The LCt50 3 for CN
dispersed from the comnt rcial grenade in rats, guinea pigs, rabbits, dogs, monkeys, swine, and
goats was 14,204 mg min/cu rn. The LCt50's of 7000 and 14,000 mg ntui/cu m were accepted
as RL human estimate33 for CN dispersed in the "pure" form and by thermal grenades (with
burning characteristics ot the commercial jxenade), respectively.

3. Safety Factors for Inhaled CN.

On the basis of the data presented in this report the safety valuem for inhaled CN are
a5 foIlows:
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Agent LCt5O ICt5o Safety Factor
Agent mg min/cu m mg min/cu m LCt50/ICt5O

"Pure CN" 7,000 20-213 33 - 350

Commercial thermal grenade 14,000 65 - 700

IV. TOXICOLOGY OF DM.

A. Toxicity of DM in Animals.

One of the striking features of inhalation toxicity studies on DM is the variation in
the results of different experiments. .The British "Red Book," 1940,30 gave no toxicity values
for this compound in animals because of the inconsistency of results. Perhaps the methods of
dispersion of the aerosols and the methods for measuring airborne concentrations contributed
to the variability.

The data used in this report include dispersions of molten DM to dogs (1919), diy
dust dispersions to mice, rats, and guinea pigs (1957), acetone dispersions to mice, rats, guinea
pigs, dogs, and monkeys (1963 to 1964), and acetone and munition (M6AI thermal grenade,
commercial grenade) dispersions to rats, guinea pigs, rabbits, dogs, monkeys, goats, and swine
(1965). The ICtSO values are shown in table 11. Detailed toxicological data fre shown in
tables A-XV to A-XIX.

I. Toxicological Signs in Animals.

The toxicological signs in animals were similar for all types of dispersions and were
as follows:

a. Mice, Rats, and Guinea Pigs.

Immediately upon exposure to DM the animals were hyperactive. Within a few
minutes lacrimation and salivation were observed After 5 to 15 minutes the excitement was
gencrally supplemented by lethury and labored breathing. The latter signs often persisted for
I or 2 hours after exposure. The other signs usually subsided within 5 to 10 minutes after
removal of the animals from the contaminated atmosphere.

b. Dogs.

Immediately upon exposure the dogs became extremely restless. Jumping and
barking were noted. Salivation, retching, and vomiting occurred. The animals became ataxic
and some were unable to maintain standing posture. Upon removal from the chamber, they
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were hypoactive, they pawed their faces; gagging and vomiting occurred periodically for
24 hours. They consumed little food or water for about 7 days and they became emaciated.
After 7 days, the animals resumed normal eating and drinking and -improved in appearance.
Most deaths occurred in the first week after exposure.

c. Monkeys.

During exposure, salivation, vomiting, rhinorrhea, ataxia, and difficulty of breathing
were noted. Upon removal from the chamber the animals exhibited wheezing, ptosis, and
lethargy. Coughing and vomiting persisted for 24 to 48 hours. After 24 to 48 hours, open
lesions were noted on the face and around the eyes, possibly due to pawing by the animal.
Prior to death the monkeys layed faced down, and breathing seemed to be depressed.

d. Coats.

Signs which occurred during exposure were hyperactivity, shaking of the hl-ad,
rearing on the hind legs, licking, chewing, frothing at the mouth, ataxia, convulsions, bloating,
and death. During the week following exposures, the animals were hypoactive, knelt on their
forelegs, gagged, and vomited. The goats seemed weak. They collapsed and convulsed prior to
death. All goats were bloated upon death.

e. Swine.

The signs noted during exposure were salivation, frothing at the mouth, ataxia, and
irregular breathing. During the first 14 days after exposure the pigs had breathing difficulty,
lost weight, and appeared emaciated; some died.

2. Inhalation Toxic Doses of DM Following Single Exposures and Human LCt5O
Estimates.

Various estimates based on animal data have been made for the expected LCt5O of
DM for man. The estimates were based on different types of aerosol dispersions and
differences in the number of animals and numbers of animal species involved.

a. Pure DM.#

An estimate of the toxicity of inhaled DM (pure agent disseminated by laboratory
dispersion methods) was established at Chemical Research and Development Laboratories
(CRDL), Edgewood Arsenal, Maryland, in 1959. This estimate used toxicity data on mice and
guinea pigs reported in IM 24-1821 and data on dogs reported in EACD 145.32 The LCt5O's
for the various species considered as the basis fo, the estimate differed widely. Since there was
no way to ascertain the lethality in man or to relate the toxicity in man with any of the animal

*Pure DM - Agent, dispersed as a single entity, dispersed as a dry dust, from solvent sprays, or
by volatilization - condensation.
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species studied, all of the toxicity data was combined and a composite lethality dose-response
regression line for mammals was determined. A value of 14,000 mg min/cu m for a single
exposure was established as the predicted LCt5O for mammalian species including man.

Other inhalation testing with pure DM disseminated by laboratory methods was
performed between 1959 and 1964. The combined LCt5O value for pure DM.in all species
tested, based on all experiments performed between 1918 and 1964 was calculated to be
15,052 (11,040 to 22,941) mg min/cu m. Table A-XV shows the individual experiments used
as the basis for the calculation of this value. Table A-XVI shows the Bliss Statistical analysis of
the data for the combined mortalities of each species, all rodents, all nonrodents, and all
species combined.

In May 1965 a series of LCt5O determinations were conducted with DM
disseminated from 10 percent acetone solutions in the rhesus monkey, dog, swine, goat, rabbit,
rat, and guinea pig. The LCt5O determined for pure DM was 12,306 (10,283 to 14,726)
mg min/cu m, based on the combined mortality responses in the seven species tested. These
data, with a Bliss Statistical analysis of the dose responses of the individual species, all rodents,
all nonrodents, and all species, are shown in table A-XVII.

When the mortality responses for all species tested with pure DM between 1918 and
1965 are combined, the resulting LCt5O is 11,309 (9548 to 13,600) mgmin/cum.
Table A-XVIII shows the Bliss Statistical analysis of these data.

Based on the analysis of all animal toxicity determinations performed with DM
disseminated by laboratory methods, the current Research Laboratories, estimated human
LCt5O of inhaled, pure DM to be 11,000 mg min/cu m (table A-XVIII).

b. Munition Dispersion of DM.

During the period from May to August 1965, inhalation toxicity testing was
conducted with military and commercial DM munitions.* The modified M6AI DM and the
commercial DM grenades were tested in the monkey, dog, swine, goat, rabbit, rat, and guinea
pig. Based on these studies, the combined, all species, LCt5O values are 43,808 (24,549 to
78,178) and 34,683 (36,245 to 39,773) mg min/cu m for DM aerosols generated from the
M6AI and the commercial thermal grenades, respectively. The mortality responses and Bliss
Statistical analysis of these data are shown in tables A-XIX and A-XX.

The current Research Laboratories estimated human LCt50's of inhaled DM,
generated from the M6AI and commercial grenades, to be 44,000 and 35,000 mg min/cu m,
respectively.

3. Repeated Exposures to DM.*

Monkeys, dogs, and guinea pigs were exposed on 10 consecutive days to DM aerosols
(commercial thermal grenade). The daily doses were approximately at the LCt5O level. A
similar group of animals was exposed at approximately the LCt20 to LCt25 level on each of
10 days. In both cases, the accumulated doses would be expected to kill all animals if given in
a single exposure.

*Unpublished data, Aerosol Branch, Tox. Dept.
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The low dose killed 5/8 monkeys, more than would be expected if any one of the
exposures were given in a single exposure. It is a lower mortality than would have been
expected of the total accumulated dose. The deaths among the dogs and guinea pigs receiving
the low dose was not greater than would have been expected from any of the single exposures
and far less than would be expected of the accumulated dose.

The deaths in monkeys and guinea pigs receiving the high dose were slightly greater
than would have been expected for the single dose. The deaths in dogs were less than that
which would have been expected of the single dose. There was little indication of cumulative
toxicity due to the repeated exposures. Detailed toxicological data are given in table A-XX.

4. Local Application of DM to Rabbit Eyes and Skin. 2

A suspension of DM in corn oil was administered intraocularly to groups of six
rabbits each at doses of 0.1, 0.2, 0.5, 1.0, and 5.0 mg per eye. All animals were observed from
8 to 14 days. A dose of 0.1 mg produced no noticeable signs; 0.2 mg produced a transitory
conjunctivitis; 0.5 mg caused a transitory conjunctivitis and blepharitis; 1.0 and 5.0 mg
produced corneal opacity which persisted during the 14-day observation period.

Suspensions of DM in corn oil (100 mg/ml) were placed upon the clipped backs of
rabbits. Doses of 1, 10, 50, 75, and 100 mg per animal were administered to groups of six
rabbits each. Doses of 10 mg and above produced necrosis.

5. Pathology Following Inhalation-of DM in Animals. 2

Pathological findings in animals that died following inhalation of DM include the

following:

1. Dogs

HIyperemia of the larynx and trachea. Edema and congestion of the
lung. Bronchopneumonia

2. Rats, Mice

Atelectasis, emphysema, reticular cell proliferation, respiratory
epithelial proliferation, interstitial leucocytic infiltration of the
bile duct.

3. Monkeys

Pneumonitis, ulcerative bronchiolitis and tracheitis, edema and
congestion of the lungs.

4. Guinea Pigs

Bronchitis, tracheitis.

The primary cause of death is lung damage. 2
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B. Incapacitating Effects of DM in Man. 2

1. General.

The onset of signs from DM may be almost immediate or may be delayed several
minutes. The initial effects are irritation; a burning sensation and pain in the eyes, nose, throat,
and respiratory tract; uncontrollable cough; violent and persistent sneezing; lacrimation and
copious flow of saliva. The conjunctiva, nose, and pharyngeal wall become congested. The
signs of irritation subside after 20 to 30 minutes after termination of DM exposure. Headache,
depression, perspiration, chills, nausea, abdominal cramps, vomiting, and diarrhea may appear
about 30 minutes after exposure and persist for several hours.

2. ICt5O for Irritant Effects of DM. 2

There is controversy as to the ICt5O for irritant effects of DM in man.

A dose-effect graph for intolerable concentrations of DM was developed by Lawson
and Temple 31 in 1922 and included concentrations of 22.3, 0.7, 0.2, and 0.14 mg/cu m for
exposure periods of 1, 5, 15, and 60 minutes, respectively. In this test an alcoholic solution of
DM was dropped into a heated tube and the cloud produced was conducted into a mixing
chamber by a stream of nitrogen. The men breathed the cloud through a 1919-type mask
connected to the chamber by a 3-way valve. The concentrations of DM were estimated.
Subjects were told to keep the mask on until there was feeling of distress, but due to the
nature of the gas, they were not expected to fight it to the limit of their endurance. It is likely
that the median incapacitating doses of 22 mg min/cu m for a I-minute exposure, and
8 mg min/cu m for a 60-minute exposure, as reported in TM 3-215,25 December 1963, were
derived from graphs of Lawson and Temple.

Results of field tests3 2 during the early 1920's indicated that some observers
tolerated Ct's of DM of 83 to 155 mg min/cu m. Although the quantitative aspects of these
field exposures are somewhat doubtful, there appears to be some discrepancy between the
doses of Lawson and Temple and those measured in the field.

Other human exposures at CRDL in 195821,22 indicated that men could tolerate
concentrations of 22 to 92 mg/cu m for 1 minute or more. In the latter tests, the subjects were
told to resist the agent.

It is indicated that the ICt5O value for the irritant effects of DM will vary in
different men and in different situations. A concentration range of 22 to 220 mg/cu m would
appear to be intolerable for 50 percent of a population in 1 minute. These values are applicable
to experimental situations.

3. ICt50 for Systemic Effects of DM.

An important consideration concerning DM is the "persistent incapacitating action."
This usually refers to malaise, nausea, and vomiting. The available data indicate that the ICt50
for these effects has not been achieved in controlled exposures of man.
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The earliest studies in man were reported by Lawson and Temple 3 1 and further
amplified in the digest of Craighill and Folkoff.3 2 In these studies, nausea was produced in
three of 21 men (respective Ct's = 6, 7.2 and 12 mg min/cu m) exposed to a concentration of
2 mg/cu m for 140 seconds to 15 minutes, or Ct's ranging from 4.6 to 30 mg min/cu m.
Nausea occurred in two of 22 men (respective Ct's = 13.75 and 25.0 mg min/cu m) exposed to
5 mg/cu m for periods of 45 seconds to 12.5 minutes, or Ct's ranging from 3.75 to
62.5 mg min/cu m.

In the experiments performed in 1958,21,22 nausea and vomiting were seen
infrequently. Of 25 subjects exposed to Ct's ranging from 5 to 144 mg min/cu m, only two
became nauseated. They were exposed at Ct's of 18 and 22 mg min/cu m.

During October 1966 and April 1967, The Aerosol Branch and Clinical Investi~ation
Branch, Medical Research Laboratoryl exposed 33 men at Ct's ranging from 7.1 to
236 mg min/cu m. Twelve of these men experienced some degree of nausea and one of the
12 vomited. The Ct's causing nausea were 15, 18, 37, 39, 43, 49, 53, 58, 78, 94, 192, and
236 mg min/cu m. The dose causing vomiting, as well as nausea, was 49 mg min/cu m. Where
these effects did occur, the average time of onset was approximately 5 minutes (40 seconds to
20 minutes) and the average duration, approximately 15 minutes (5 to 30 minutes).

At dose levels studied in man, the results were highly variable and lacked statistical
significance. The data indicate that the ICt5O for systemic effects was not reached. Possibly
there was an insufficient number of exposures at Ct's above 200 mg min/cu m. Exposure of
additional volunteers at Ct's above 200 mg min/cu m--was deemed inadvisable in the 1966 to
1967 study. A similar decision has been made in the 1958 tests on men. In view of these
decisions it was necessary to base the estimation on data from animal experimentation.

Several types of animal tests were performed to determine the inhalation Ct of DM
which would produce nausea, vomiting or impaired ability to perform a learned task. These
tests were as follows:

a. Observation of gross signs in dogs*,**
b. Measure of gastrointestinal activity by use of electrodes implanted in the

stomach of dogs*
c. Observation of gross signs in monkeys**
d. Increase in avoidance latency as shown by the visual discrimination testf,33

Based on (1) nausea or vomiting in man, (2) vomiting in dogs, (3) increased
gastrointestinal activity in dogs, (4) drowsiness in dogs, and (5) the results of the VDT test in
monkeys, the ICt5O human estimate could be placed at 250 to 387 mg min/cu m. Inasmuch as
increased gastrointestinal activity and vomiting in dogs are more applicable to the nausea
experienced by man, the ranges for human estimates could be narrowed to 350 to
390 mg min/cu m.

*Farrand, R.L., Ballard, T.A., Vick, J., MAJ, Harvey, J., and Graf, C. The Effects of Inhaled
DM on the Gastrointestinal Activity of Dogs. Research Laboratories. October 1966-April
1967. Contained in reference 1.
"Farrand, R.L., Ballard, T.A., Harvey, J., Graf, C., Gross Signs of Inhaled DM in Dogs and
Monkeys. Research Laboratories. October 1966-April 1967. Contained in reference 1.
tFarrand, R.L., Ballard, T.A., Harvey, J., and Graf, C. The Effects of Inhaled DM on the

Visual Discrimination Test (Performance of a learned task) in Rhesus Monkeys. Research
Laboratories. October 1966-April 1967. Contained in reference I.
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In September 1967, the Research Laboratories Human Estimate Committeel
established 370 mg min/cu m as the ICt5O for systemic actions (nausea and vomiting) of
inhaled DM for man.

C. Lethality of DM in Man.2

1. General.

One death has been attributed to inhalation of DM. This followed the operation of a
DM generator in a barracks which exposed 22 sleeping men. The estimated concentration was
1130 to 2260 mg/cu m. The exposure period was 5 to 30 minutes, according to different
reports. The Ct's would be 5650 to 11300mg min/cu m for the 5-minute exposure and
33,900 to 67,800 mg min/cu m for the 30-minute exposure.

Post mortem examination of the victim revealed emphysema of the subcutaneous
tissues of the neck, the mediastinum, pleura, and pericardium. Emphysematous bullae were
scattered over the lungs. The lungs were springy and a blui-h discoloration was noted. No
consolidation, edema, or casts in the bronchi were noted when the lungs were cut.

Histological study showed edema and congestion of the epiglottis, superficial
ulceration and acute diffuse inflammation of the trachea and bronchi, pseudomembrane
formation in the trachea and bronchi, lung congestion, edema, and hemorrhage, and
bronchopneumonia.

Death can be attributed to damage of the lungs and respiratory system.

2. LCt5O Dose Estimates for DM.

An estimate for the toxicity of inhaled DM in man was established at CRDL in
1959. This estimate used toxicity data on mice and guinea pigs reported in TM 24-18,21 and
data on dogs reported in EACD 145.32 All of the toxicity data were combined to yield a
composite lethality dose-response graph for "mammals" including man. The LCt5O for a single
exposure was 14,000 mg min/cu m.

More recent studies have greatly increased the number of animals and species. The
LCt5O's for "pure" DM (dispersed as molten agent, dry dust, or from solvent) in mice, rats,
guinea pigs, dogs, monkeys, swine, and goats are shown in table II. The combined LCt5O for
"pure" DM is 11,309 mg min/cu m.

Similar data for DM dispersed from the M6AI thermal grenade and from the
commercial thermal grenade are also shown in table II. The combined LCtSO's for the two
munitions in "mammals" are 43 809 and 34,683 mg min/cu m, respectively. Until 1965 no
DM munitions had been studied for inhalation toxicity. It is to be noted that the toxicities are
similar for the two munitions and that both produce aerosols that appear less toxic than those
produced from "pure" DM.
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D. Safety Factors for Inhaled DM.

On the basis of data presented in this report the best safety factors for inhaled DM
are as follows:

Agent LCt5O ICt5O Safety Factors
mg min/cu m mg min/cu m LCt50/ICt50

Laboratory 11,000 50 - 500
dispersions

M6A1 grenade 44,000 22 or 220 200 - 2,000

Commercial grenade 35,000 160 - 1,600

A detailed review on "The Toxicology of DM" 34 was published in October 1967.
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Table A-VI. Intragastric Toxicity of CS and CS2 in Rats and Rabbits

Bliss Statistical Analysis
Dose Std Error of

Compound Species Dose Mortality P ED(P) Lower Limit Upper Limit Slope
___ ___mg/kg Slope__________

CS Rabbit 50 0/6 1 268 123 586 13.3

100 0/6 16 358 231 494

350 2/6 30 366 286 468

400 2/6 50 401 354 453

450 4/6 84 476 364 622

500 6/6 99 599 308 1162

1000 6/6

Rat 300 0/6 1 340 77 750 4.3

600 2/6 16 486 265 891

900 4/6 30 623 400 970

1200 4/6 50 822 599 1127

1500 5/6 84 1390 893 2162

1 2406 6/6 99 2808 1092 7224

CS2 Rabbit 50 0/6 1 74 14 383 3.3

100 1/6 16 189 85 419

250 0/6 30 262 151 454

400 2/6 50 379 251 571

500 5/6 84 762 374 1668

1000 6/6 99 1940 381 9868

Rat 300 0/6 1 649 239 1766 12.9

600 0/6 16 824 498 1364

900 2/6 30 896 639 1259

1200 5/6 50 985 811 1196

1500 6/6 84 1176 839 1649

1800 6/6 1293 657 3393
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Table A-VIII. CS Feeding Studies in Rabbits and Rats

Actual Average
Species Dosage Levcl* Actual Apei Diy Fo Cond) mption Daily Dose of CS(30-dgy pernod) (30-day period)

gkg/day grm] t of ration mg/kg

Rabbit 1 101 67 0.67

10 111 74 7.4

50 105 70 35.0

100 1oo 67 67.0

250 97 64 160.0

500 62 41 205.0

Control 105 ,0 0

Rat 1 14 56 0.56

10 52 5.2

50 13 52 26.0

100 :3 52 52.0

2013 52 130.0

5oo 12 48 240.0

SControl 60 0

'Assuming I0W percent consumption of daily ration.
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Table A-4X. Daji' Food Consumption and Body Weight Changes in Rats Eating
Laboratory Chow Contaminated with CS

Daily Dose (mg/kg) ~ I t0o 50 100 1250 500 controls
No. of Animals 4 j4 14 4 J 4  1_4 1 2

Day Average Daily Food Consumption Per Rat (Grams)

1 8 7 13 8 8 8 16
2 14 12 13 16 12 2 12
3 17 19 14 19 16 16 21
4 17 13 1 : 2 13 10 11
5 19 19 17 18 - 14 20
6 16 16 15 13 17 12 13
7 13 13 15 13 8 12 168 12 14 14 15 15 14 14
9 !2 I1 12 10 16 13 12

10 23 13 13 15 8 17 13
II 16 12 13 15 14 13 16
12 15 15 14 12 9 11 15
13 15 15 15 10 12 13 14
14 12 14 13 13 14 13 18
15 14 12 11 13 12 12 17
16 14 12 13 12 13 13 16
17 1 2 16 12 13 17
18 13 12 1 1 13 14 16
19 13 12 II 10 12 15 14
20 13 15 13 15 151 9 1421 13 10 13 12 1W I l 3
22 14 12 I! 13 14 16 15
23 Iit ? 13 it 13 16 4
24 1i 0 13 1 13 12 5
25 14 11 4 13 13 3
26 12' 13i 14 14: 13 13 13
27 13 13 3 3 3 12 13 15

13 13 12 It 16 13 14
29 13 14 3 14 13 I I! 15

15 13 14 13 9 is Ii

Avrct Wody Wt (kf) on 1
Day:

10 -.203 10.206 0.209 0.20 K.156'.0.159 0.195

14 10.210 1012220.218 0.218 0.167 10.160 0.213
21 i0.229 1o.228 0.228 0.215 0.183 o0.180 0.21"

Assuming that each rat would ea* 25 granu of food per day.
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Table A-X. Daily Food Consumption and Body Weight Changes in Rabbits
Eating Laboratory Chow Contaminpted with CS

Daily Dose (mg/kg)* 1 1 101 50 1 100 -250 5001 Contols
No. of Animals 4 j4 T4 .4 2

Day Average Daily Food Consumption Per Rabbits (Grams)

1 94 75 81 37 151 !6 103
2 103 107 75 61 83 67 98
3 106 114 94 69 105 30 114
4 88 82 80 61 73 20 89
5 90 88 102 50 96 33 89
6 84 85 81 70 121 58 74
7 86 82 81 81 95 43 92
8 128 124 124 113 126 54 122
9 98 99 105 99 124 61 68

10 116 119 113 115 112 78 142
11 126 133 127 131 77 44 145
12 115 127 108 102 75 61 94
13 117 129 116 107 112 76 102
14 117 135 128 124 99 50 108
15 119 116 131 123 118 115 104
16 125 127 140 122 126 73 110
17 112 113 121 122 130 J 51'* 121
18 94 107 100 110 115 102 115
19 78 88 69 80 i 5t 94 103
20 90 117 108 108 78 68 131
21 98 115 104 113 79 75 127
22 71 97 97 93 78 96 94
'3 96 114 78 113 94 85 137
24 93 125 115 128 75 47 117
25 99 128 113 123 101 52 123
26 100 129 120 107 66 44 120
27 103 140 121 136 90 54 127
28 90 83 98 110 99 56 114
29 83 102 96 90 88 43 106
30 103 126 125 110 106 102 115

Average Bedy Wt (kg) on
Day:

1 2.0 2.1 2.1 2.1 2.7 25 2.4
14 2.3 2.5 2.5 2.4 2.7 2.4 2.6
30 2.3 2.6 2.5 2.6 2.7 2.4 2.7

* Assuming that each rabbit would eat 150 grams u. food per day.

* One death.

Appendix

57



PI :first 1111

'' •

g- • I •! I-

If

00000000000I"0

-.-n ...... . v0 0 ,

- C
I C

' I

i!i

Appendix 58

isi



II

Ntal
I I I ur4

- ,

I

,.n•is ,al mall to I I

0!

U *I 11

-

i 0

59



41O

UU al-;f mi b hA i-

414

5 5 t aIR o -"In9,E mR

I G v

App di

* S 0



* I,

i. ,w

.I I

619.

I - a

"• ' ji *ta

*

iD

-- ! i

,I ;

_, _ -- -4
SII

Appendix

61



1.4 M

**%a

I~ ~~ ~~ 'n.-Nf~ mN!4 'fn~f.~4 *U 0 I% l a a4,it,

41C It If, In% -
-4 

c4"I0ý u
0N

c4 ~ 4N

4~r a O%% @ N 10 4 .7 d

40-443 44- 40

coo 0 0

%a 10a 0.1 a -aa

0 n 00 V,1 % ,m a1 10 'O @4 M 0M a M

a .4 -a -0. '2. WW 0

'12m''f 0a N.q 1"44 0' _V f

O4§0 02 2 go .N W%4 *O 4 n 4
In4 .00 IN -7

@4 Na... 0 'Z 3 .. o .a.. a .. a.W
1.4 N4 a4'I ~ a4.-. .a-.4s N N Oa..a..aon

U N.N 4~4N. .. .444- '~-4440 --

Appendi 62 0 '040 * 44 - @4 04*I



p

'A0

I* N' Nv N

14 0 0
1004

go a,-M%. a a4N~ 401 T1
ce~ 4

IT 1.N Wo O

10 It tlv

04' ob.DA,. 4.ID 0 It- Ch4~dw *4 M a00VD

0 0'D8 4104C 14 ID t 0 4m o 04
(nIn 4 00p44 as4 ro m uMm r4f no*0 mI oa

a. ~ 0404 8O~t0 .400140

0~C- ND -4 N3 .

U a..4C - N .. u

-~~~~~~~ wa .a - a' . a'

ppni 
630444'



p1

""no le " 0 (4k

-4 0F M M 4f4 I y

4w in q, a4 '01r WDC ! inC "

No

04044~~~ 8ei v~n~ai -W.461 V. V4ann d'AR go4 Pn'~t1 4 C44'fI

I t 40 1a4 -4- ' 1  .* I! cz- i 99

-4 '4 " DF

'D a ' M44 0% oaa 0a 0.I eQ '4in a. .00' 000'si iN0 iC4
0 m N .0 0. N .mw0

*in0 ON.04 -a Q4 0m* in !ai r-0. . a-e 0010.

* '4 '4- 4'N 44. 4~. Ma '!,Ar 469 0a 9 0..
r- Nn4- CZd N-. N4'I ftin A0r 4 '40 O. 'tI 4; 4 i

o r.4m.4

r a elJ a e a .4-1'4n~. A4 i

Appendi 64'4-



P

r-

... 4 9

0o' oo N 8l a 70 N1 od

ch 00' mo

4' - ý 3 % t.. ItC-

. -7 Go 4%l0 mN nw c

0 c

E ~ ~~~~ .~~'I' .Ao oIn . .4 .N . . ..

wo '--04 CUUnNN ~ ~ t'

0 -~~ ~~ U0'40' etln ~ U 4]~l C~j

Apeni 65~-O0 On~.n rtNCN "~ -



P

I SI

•l - mmmm S

4.11 I

w 10 0 @3, m

t i -- °°I

toN

0 . . . . t-. . .

0 0 0 0 0 0y7 .O.O
i N c -

So.. . . . . . . . . i n , N
- -D M

0
0z

N~ r4 m V v in %

~~~~~o %n a--1 R N • It i - •

0 A p a660%
do cc

A %n

W. 0

AppendixI 6 660



mal RON 11 I 1101:1l%

-Y t

ujo
mC

1 000 000 0

X ai
U) a .4*

- CO

-0 ~

Appendix

67



pR A

_____ __ ti ~ so
u~ ;Z "r,

0 .G

____ I __00 _ __ _ __

X R F AAR

Appendi

I I68



p p-

WIIW_ _ _ ___ _ ______

0 two fait -;.

I] ,I'

11l 
I

s is on

MIND UWA' I F,_ ___HO--

Appendix

69



4. i-u

_ . a... -

, I . ! - ... .- - -! . + : ! +

-.. . a a• .. ;

-. - 4 , 8, a

;

.- a a. .. ....... II.. ... . . ... :. . . .

•__"_______ -•'_____ _____

Appendix~a

a Q~~a~a.aW 0i.a 0a OS f



P

ItI

ply ing

- -- -- -
-

8:

di

Appendix

70



Table A-XVI. A Bliss Statistical Analysis of Pure DM Toxicity for the Combined
Mortalities of Each Species, All Rodents, All Nonrodents, and All

Species Combined
(Experiments performed from 1918 to 1964)

Species or Bliss statistical analysis

animal grouping P ED(P) Lower limit Upper limit 'slope

mg min/cu m

Dogs 1 3.692 800 6,308 3.4
16 9,088 4,650 12,151
30 12,491 8,120 15. 914
5017,809 13,700 23, 73Z

84 34,898 25,623 73,010

99 85,912 49,040 397,347

Mice 1 4 0.0 130 0.6
16 861 0.4 3,299
30 5.659 382 15,555
s0 46.244 16,617 3,801,791
84 2,484,742 222.979 12.252, 150.000,000

99 515,63Q.850 S,084,768

Rats 1 4.7 0.0 37 0.7
16 347 77 1.008
30 2.307 1.067 3,664

84 431,659 109.391 11.149,252
99 42.393.054 2.867.994 27,927,439,000

Guinea pijgs 1 30 0.9 138 0.9
16 836 222 I.567
30 2.690 1.381 4.123

I9 2.906 6.420 20,093
84 117.363 43,998 1. 089, 164
99 3,215.971 479.28 276.097.340

Monkeys 1 1.987 14 4,477 3.0
16 5.498 581 8,540
30 7.874 2.03- 11.288
50 11.756 6.686 19,023
84 25,1 40 1•.3"f 197,278
99 69,567 31.776 7.907,435

All rodents 1 S 0.3 24 0.7
(mice, rats, 16 204 178 927
and guine 30 2,597 .1596 3.686
pigs) .199,96 26,j29

54 519,644 160,456 3,402,042
99 54.136.036 6,795,347 2.268,730,400

AU nonrodente 1 Z. 537 621 4. 268 3.0
16 7.110 4. 203 9,346
30 10,230 7.2S2 12.714

1515 I.307 19 401
64 33,141 24.2 3 5i.4im
99 92.893 54.119 30.0 6JZ

AU opeclte 1 10 1 37 0. 7
combined 16 669 303 1, 11!

30 Z. 91s 1.957 3. 13
5015,052 11,041 22,941

34 33,5 9 14.643 1.Z83, 210
IL231.1)3,306 4.314.795 314,790.270

Note: All experiments were performed between 1918 and 1964, inclusively.

Appendix
72



P

Table A-XVII. Acute Inhalation Toxicity of Dil Ditmemlated From a 10% Acetoses
Solution sanld a B~lis Stlatitical Analysis of the Mortality Reaponases

(Experimients parionned in 1965)

seisCt Conc Exp"N" Moi18.3i21  
Tm.,.. -oal skies 838*,.12cal .uIy.2

tin". I1*cti8A P MD (I-) Lwr limit IUp 7 ., lim.n

meg mi./cm mu mg/c. m min hr mg mms/c. i

Monkey 40.000 M9 M1 0/0 is. 4). 249. 1211*.0 248 1 23. 004 0.119 11.12 i

as. 01114 214 121 A/6 4 3, 47. 67, 148. 2311. 101 16 14.842 Ia. 0? 20.196

is.8no 213 q% 4/6 42. bl. 23a. M8 30 It. Iaq 13.031 *20.101
16.720 19 NO 3/6 M9. Zia. 1`66 H 1?,81?1% 1-11toTal
Q1.11 *14 2 4% 0/6 - 84 21.414 1I. 140 *1.445

S. 48 0 4 10 t 0/6 - "4 Z?. 4 1 16. (0 46. LAN

One 16. 1to 109 me 0/6 to 1. INIT. 3443) I2 . O 1.74 2.18 4.021 S.4.4

1.11511 2190 4S 4/0 Ia. 10. 49. 116 20 4. 9" 1.11s1 7.4.1"

9.0 a" 11 44 1/6 03. 80. ITS, 330. I34 so 6. 1" 4.008 8.616

S. "a *97 Ia 1/6 305 !0 2LIM ii.91 115

2. 9" lia 14 0/6 - 04 18.41111 Call In '890
"9 22. 970 10.489 110.297

Ceet I2.0O0 *38 1911 0/0 4. I(Al. 72,.77.23 il 3.0321 990 11. 220 4.42

10.000 IA? I U , /0 11(j), It. 9". Z44. 311 16 ? 7*4S ].%1? 14. 840

19.604 110 91 4/0 s "89. I" Ia 1.246 S.174 is.4"I

.9.06 at) 4* 1/0 MAJ1. 2)9 10 21.111 8-851 11.1911

a"00 Zia Ia a/$ - 4 I0.3*27 12,020 W4.401
"9 40.SS0 11.9M111 217. 003

Sw-.I,0O 21* *11 1/6 1.1.1AD.107 1 0.141 II% *27?41via .4*

41. stte AI I2 19 2/0 4. 139 10 11.913 1.421 04.080

t'40100 227 1 U a/6 474*)] 30 4.24S 14. 9*8 S8.84IT

1q.040 M1 92 1/0 4? 1 S 164 1 ft. ? 1. 4

0. 960 *06 48 0/0 - 84 114.9110 0.241 1. 40. 08
"9 SI11.1?00 1.471 -

Rat 61. oft *13 all 20/20 4.8a. M841. 4171L ?1. 2 21.190 1. sa ? 16.24 11.0
914l 11111. 2812.24. 141(l)

48.801311 190 233 18/20 MAL3 4119). 1*84183 1"4441. Ilk 11.81 23. sit 28. 104
A1611)

is.80S 114 ill IVAN0 so. tooliaL am. IsS. 111212 TO 17. 1" 31.144 a 9. Z"
19.604 At& 92 14/la 6011). 1410111. 340. 134. 198444 " 1183 11- LM4 0,
16.1 ?at 9 k" o 1/26 11 8.4 a 13.1A" 19.64.1 1.0244
12.M9 all 441 1/141 11 99 '0"8 Zl*2.8 42.2*0

%.940 at? k0 6/20 -

G-".n' 1.20. 110 so4 58 Vie 11103. 21. ISM7. 4j. 4. 94 I 428 1114 1.142 4 1
11.%%l A14 44 49/10 SIMI4. 6421. U684*21. 11 Is 2.040 *?I Z. all
%.940m 91% to 12/*8 214463.8101*. 48 0 w .0 hil .88. 4.8211

Z. 960 all 34 a/a8 14. IC. 38412 P0 so !LW Lm &
I.10 *19 at 2/1 *3A8.280 8. AU *8.129

9 9li s .4 6 1 1V 0 10 . 8 4 s o 0 .04 93 2 .

34 10 008 Its 0/0 M *134 10 878 8.8 a & s
19.1484 0 lei 610 A141.4. *4 34 1.438 8.0 8 .8"
18.98 I" 01P 6/0 13 .1.14013.44 A- "19 0.8 n C88

. lel *40 41 4/6 A. 1. 4.4 48 '158.1 1.30 13"it
6.21 kn8 I" 0 4/1, 14M*. 40. IN 9 448.03 Is 88
4. son job is %/& i4t1'*, 2. 608

All -*4.w.2 $10 44 1.48.4 1.61

it** 18,20 321 911 28.314-
at* is88 30 v Wass ". 1.3*4

All 3846 IWl lot 4 12. I24 2.241

4 $,,#ft *11ti 24.833
30 4.1go 12.11 8%. it!

94641. IN *8.302 31. il1. I"

^is Pe.i.'. we 41411 *83 IT*1 $
20 ft$1 I.88, .31

8.4 3949 *844 *9.%Is
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Table A-XV1I1. A Blis Statistical Analysis of Pure DM Toxicity for
the Combined Mortalities of Each Specie. ADl

Rodents, Al! Nonrodents, and All SpeclesCombined
(Exppertments performed from 1918 to 1965)

-ee ar s Bliss Oeftitcal aaJaywis

I-Plaw P ED M)I Lou., hlmt 1Wper lanit 54 "
mi mlufcu m,

Mice i 4 0.0 130 0.6

16 860 0.4 3. 299
30 S, 659 382 IsS 5

so 46, Z45 16,617 3.803. 104
84 2.48S.012 222.91 Zl. 2U. 239. 000

Rat I 50 9.6 138 1.0
16 1.192 be07 1.8s
30 3.649 2.479 4.890

13,71 2,2616 17,8.73
34 135.506 73. 360 359, M16
99 3.223.638 962.518 23.160.3"

in piga s 99 23 236 1.3
16 !.099 3S3 1.638
30 2.S&4 3.742 3.3"
so 6.591 1.087 LM
i4 39.616 24.23S 8. 749

99 436.80? 166.153 2.274.967

Rabbits 1 173 0.0 1. 420 1[9
16 870 0.0 3.323
30 1.538 0.0 4.565so - o3 9...k U

84 9.61? 0.0 3,125.7"4
99 48.638 1i,711 0.0

Daegs 1 1.979 536 3.535 Z. 7
16 6.052 3.306 8.C1M
30 8. 9O 6.060 11.463

84 32.330 a3,30 6U. 32S
99 99.263 13.580 386.501

Miemiaye I 3.615 1131 S. 680 4.0
16 ?.8al 4.556 10.04t
30 ,0.2s , 7.0Ow Ia. 49
so 13, 18I0M 11.235
4 24.5us 19.429 40.316

99 53.340 34. 69 149.876

Gatas i 3.631 990 13.316 4.4
16 7.245 3. S1? 14. 80
30 9.246 S,376 3IS.90

so 19,11S L -"I it, 2Z
14 20. 57 32.010 34.401

9 40.556 .1.946 117.603

844* 3 6.3) 354 247,910 1.4
16 21.91) 1.412 64. 86
30 M4.34% 19. we S4.4T714 IN~t 16 M •14A
4 34.950 k 141 3. 410. Se0

99 513. M0 4.471

All redsaa 1 13 9 77 8.9
16 9%9 59 1.372
30 3.310 1,1111 2. ga4s

84 145.933 l k. )* M0S. 6l
99 4.1.. 771 W.11. a Is. 9"37. 602

All eIsw6se e 1 39 0l7 1. 609 2.0

16 4.191 l .491 ..78
to ?. 234 .119 1.113

84 41, "1 11. ?69 ". 541

9 319."10 310.Il2 tn8. 632

Ailepl eck I !1 3I H 1 .0
______ 16 3.313 TN $.SIG

30 3.4) 1.4691 4.30S

84 380. 616 479.93 I79*9t9
99 3. I&. 15.4 1.043.4636 6.361.59
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Table A-XX. Acute Inhalation Toxicity of DM Olseeminatied From Commwcfal
Munitions and a Bliss Statistical Analysis of These Data 30-Day

Observation
(I196S Expeuiments only)

spuees CA coacs Epngwoure Mortaity Blisse statlDI. 3*istical afta37 .i.lime Irartiee Ti* ftdeth P IP) Lower liit Upper 1-a.t
Ma 3oia/Cg M ml.C -A in Min~ Air. tn o mui

Us., 29.0no 3.222 9 4/6 144).6S342). 24. 20 1 1. .o~ "7
20,170 I.153 1 1/6 31 10 3.::1?'a oa 314,200 ),oil 0 3/0 317(a).332 30 5o.05 12: '4.0 22,14.050 2.433 0 1/6 42 it UJii 16-297 .lj.91jIS. 45 31000 4 0/6 - 54 311.439 30.1)0 1331,32

T9 0.001 53. 33 73S.SiD"3S. 60 1. 646 14 0/6 -9. 17(4). 43 a 9.09 MILD3.0942.3ISO 4.216 3s S/4 ANSI3. 9. 143 3A a 194 910 3A9. Sea 3. U2 9 2/6 46. 75Bs AD: 23. 14. 074A0.274 3. 713 1 &/a 4a. 72 as Asi on L..11i?14.2a" 3. 344 4 3/6 AS4S0 4S.019 27a27 12. 100
"9 a3 .3 2 U I i. S9 ? 2 Q. 7 7:

71.360 3.8716 s0 6/6 10493. 13) 16 4. Z0A 001 As. 497650.O %.No6 12 %/a 24. 240121. 4Us. 040 AS 6.53 W . 22.43334.530 3.611 34 0/0 1?(13. 96. 144. t04. 144 so IS.1276.)33033 4. /4 2411(a. 000. 6244(2) 5 11.59 vis A. I3 IS 8S' SI22,440 3.26 ? 4/6 I5. Ili, 450.1 in no820 24. WX LI9. W4ii. 340 3.2as 4 4/0 Ill. 31". 471. SS2
5.1SU 2.32S 4 A/ll 3, 0.121

$wow 60.0 a" 8 on 2 0/0 24(01 1 20. 614 1.40% SS.8)1 9 943.000 4,3me to 4/0 142). 224&) 30 a 28407 11. 131 4545116. 31S 4.032 4/0 244(3). 012 30 31.701 2.6#I 4S,023at2.06 3.20 1 /0 - so is a"5 22 a-A 44.331733,346 3.21M 4 s/6 -t 04ý 45.:2'.

5*0003 91.00 3.022 217 32/32 3643213 3 3541 3.7 3"4711.166s A. a2 60 14/32 37(32) 30 30.133 2.09 4.1be.1me 4.00 33 20 3042 31110A 31.29 A" .34 47. "1St. "0 3.00 34 2t0 3^1.43 4~1 2&42. 30 4,230 3014. 690 a4 'A.094 339&40 0.

25.125 3.07%1 7 0/0

I48 2L6 .433 0 0/6
14.24oo 3.Sao 4 *It

Ovifts Ads 154 " 3.611 20l 104 St39. 3I20 3RS 9.30 4.32M 20.20is. 60 3.00 tis 4 31/20 (3l. A31(30) 30 14.39% 320.24 IL. 225w.1114 3.W3 34 ni/2 .3(9 III ) ). G"33 30' as.46 8.0"2.a42.3060 4.&30 I0 15/40 AR23,304133 a* ALM 16L-4,111
998 .2 9 7/Aq 206A. 4404. 24441. %of 04 49.094 3L. 033 A 3320.APO 3."13 1 0/111-11 91.411 47. 1,?1 343

it. 1i1 3.012 1 *In0
34. 6" 2.433 0 3/"0 1a
14,114 3.0S6 4 kid$ be. 42. 00,11111. 046. 049
4.8 2.3In 4 */A* -

$3.8 3 .3*0 14 10/20 Am.3 003 690 is 9496 at.93 on.20
ea.03 I .3 b4 4.&60 IS2. is JA.U. .Min

on.8 3.0 in 326 1 244#'383 as 106.Set 34.639 Set,60920. 260 3.713 1 of&* -

34,8*" 1.43 6/0 02.4
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